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Abstract: Musculoskeletal pain and stress-related disorders are leading causes of impaired
work ability, sickness absences and disability pensions. However, knowledge about the
combined detrimental effect of pain and stress on work ability is lacking. This study
investigates the association between pain in the neck-shoulders, perceived stress, and work ability.
In a cross-sectional survey at a large pharmaceutical company in Denmark 473 female laboratory
technicians replied to questions about stress (Perceived Stress Scale), musculoskeletal pain intensity
(scale 0–10) of the neck and shoulders, and work ability (Work Ability Index). General linear
models tested the association between variables. In the multi-adjusted model, stress (p < 0.001)
and pain (p < 0.001) had independent main effects on the work ability index score, and there was no
significant stress by pain interaction (p = 0.32). Work ability decreased gradually with both increased
stress and pain. Workers with low stress and low pain had the highest Work Ability Index score (44.6
(95% CI 43.9–45.3)) and workers with high stress and high pain had the lowest score (32.7 (95% CI
30.6–34.9)). This cross-sectional study indicates that increased stress and musculoskeletal pain are
independently associated with lower work ability in female laboratory technicians.
Keywords: pain stress relationship; behavior; social factors; fear-avoidance; biopsychosocial;
learned helplessness; resources and demands
1. Introduction
In the working population reduced work ability caused by physical or mental disabilities is
highly prevalent and is the leading cause of long-term sick leave [1–3] staff turnover and early
retirement [4,5]. Reduced work ability is not only costly for the individual, but also for the
organization and society due to lost productivity and compensation costs [3]. Work ability is the
result of the interaction between the employee and his or her work. Consequently, work ability can be
described as the balance between the employee’s resources and the work demands [6]. The employee
contributes to his or her work ability via health and functional abilities, knowledge, skills, attitude
and motivation. The workplace influences work ability through organizational factors–through
leadership, management issues, work demands and social factors [7]. On the basis of comprehensive
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clinical assessments and statistical analyses, Tuomi and colleagues identified a short set of questions
ultimately resulting in a score indicating the employee’s work ability, aptly named the Work Ability
Index (WAI) [8]. Ilmarinen and Tuomi have shown that people with high WAI scores have a lower
risk for early retirement and a higher quality of life—even after retirement [6,7,9]. Furthermore,
studies using the WAI have also presented data suggesting that it is possible to sustainably improve
work ability—even at older age—provided the right measures are taken [6,7,9]. The WAI has
been associated with musculoskeletal pain, chronic disease, work productivity, sickness, untimely
retirement, as well as all-cause mortality [6,8]. In occupational groups where employees are exposed
to repetitive, monotonous and/or forceful exertion, compromised body positions and/or insufficient
recovery, there is an elevated risk of both impaired work ability and chronic musculoskeletal
disorders in the long term [10].
Research on the relationship between stress and musculoskeletal pain has previously largely
focused on back pain and multisite pain but only to a limited extent on neck-shoulder pain
specifically. Oberlinner et al. demonstrated, by conducting a comprehensive survey combining
questionnaire data and medical examinations in one division of a major chemical company in
Germany, that although occupational stressors were perceived differently, there was no difference
in the prevalence of back pain between different working groups within the company [11].
Conversely, a 2000 review by Davis and Haeney [12] on the relationship between psychosocial
work characteristics and low back pain established that while it is problematic to argue for causal
inferences, it appears that psychosocial characteristics are related to at least some lower back
pain outcomes. Furthermore, employees’ reactions to psychosocial work characteristics (e.g., job
dissatisfaction and job stress) are more consistently related to lower back pain than the psychosocial
work characteristics themselves. In conjunction with a systematic review by Hoogendroom et al. on
the psychosocial factors at work and in private life as risk factors for back pain, there is confirmation
for an effect of work-related psychosocial factors on the perception of physical well-being [13].
Congruent with this, Lindegaard et al. reported a combination of frequent pain and stress constituted
the highest risk for a decrease in work performance evaluated by a single item from the WAI
questionnaire and conclude that workplace interventions should focus on promoting musculoskeletal
well-being and encompass both individual and organizational interventions to minimize the risk
of increased work-related stress [14]. Furthermore, Ganster et al. [15], and Cohen et al. [16,17]
concluded that there are three main approaches to the definition and study of work stress.
In brief, the first approach conceptualizes stress as a characteristic of the environment that affects
the individual. The second approach defines stress as the psychological reaction (psychological,
physiological and behavioral) on environmental stimuli. The third and most prevalent approach
views stress as the interaction between environmental characteristics and the subjective reaction
to these characteristics [15]. In the present study, we used the third definition as we defined
psychological stress as a process by which environmental stimuli initiate cognitive and physiological
reactions that ultimately can affect wellbeing. Psychological stress occurs when an individual
perceives that environmental demands exceed his or her adaptive capacity [16]. The aim of the
present study was to investigate the association between pain in the neck and shoulders, stress and
work ability measured by the WAI.
2. Experimental Section
2.1. Study Design
This study is an explorative analysis of baseline data obtained during a worksite intervention
trial previously described by our research team [18]. Data for this study were collected during the
spring of 2014.
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2.2. Ethics
Ethical approval was obtained from The Danish National Committee on Biomedical Research
Ethics (The local ethical committee of Frederiksberg and Copenhagen; H-3-2010-062) as part
of the research program “Implementation of physical exercise at the workplace (IRMA)”.
The trial “Implementation of physical exercise at the Workplace (IRMA09)—Laboratory technicians”
was registered in the ClinicalTrials.gov register (NCT02047669) prior to participant enrolment.
All experimental conditions conformed to The Declaration of Helsinki.
2.3. Participants
Out of 756 laboratory technicians at a large pharmaceutical company in Denmark, 539 completed
questionnaires on musculoskeletal pain, perceived level of stress and work ability. Of these, 473
were women and included in the analysis. Table 1 shows participant demographics of relevant data.
All eligible participants were informed about the purpose and content of the study. Table 1 shows
participant characteristics of relevant data.
Table 1. Descriptive characteristics of the female laboratory technicians included in the analysis.
Descriptive Characteristics Mean (S.D.)
Number of included observations 473
Age, years 46.0 (9.5)
Body mass index(kg¨ m´2) 24.2 (3.7)
Smokers, percentage 1.9 (0.3)
Seniority, years 20.9 (10.8)
Number of working hours per week 36.9 (4.3)
Neck-shoulder pain intensity (0–10 VAS-scale) 2.6 (2.4)
The Perceived Stress Scale score (0–40) 12.3 (6.4)
Work Ability Index score (7–49) 41.8 (4.9)
2.4. Work Ability
The WAI consists of seven indicators providing a score between 7 and 49 (higher is better) that
gauge occupational well-being by providing subjective estimations on work ability. This includes
capability of employees to perform their work tasks with respect to demands, health, as well
as mental resources [6,19]. Further, the WAI includes the dimensions of the determinants (e.g.,
health) and outcomes (sick leave and functional limitations) of work ability. Currently, the WAI
has been translated into 26 languages and is used in numerous countries throughout the world [20].
The validity of WAI is well documented [21] and the test-retest reliability have been found to be
a stable measure [22]. For reference, we have classified the sum score into the following three
categories of work ability: Poor (score 7–27), Moderate (score 28–36), Good/Excellent (score 36–49).
2.5. Pain
We asked the participants to rate pain intensity in the neck and shoulder on a modified VAS scale
(0–10). For reference, “0” is “no pain” and “10” is “worst imaginable pain”. The neck and shoulder
were defined by drawings from the Nordic Questionnaire [23] and an average pain score of the two
regions was subsequently calculated and used in the statistical analysis. We defined the following cut
points for the level of pain: (0 < low pain ď 2), (2 < moderate pain ď 5), and (high pain > 5) [24–27].
2.6. Stress
The Perceived Stress Scale (PSS), developed by Cohen, Kamarck, and Mermelstein is
a comprehensive stress questionnaire and was designed to measure “the degree to which individuals
appraise situations in their lives as stressful”. Items evaluate the degree to which people find that
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life is unpredictable, uncontrollable, or overloaded [28]. These three aspects have been confirmed
as vital elements of the experience of stress and provide a thorough insight into the degree of
learned helplessness experienced by the individual [29–33]. The Perceived Stress Scale includes
questions intended to evaluate the current level of stress experienced by the subject. The PSS-10
is an abbreviated version of the scale, consisting of only 10 items (the full version has 14 items),
administered in only a few minutes, and easily scored. Because the perceived stress scale assess
general beliefs about perceived stress without providing subjects with a list of specific life events,
scores are not biased by event content or by differential recall of previous life experiences. In brief,
each item on the PSS-10 questionnaire is rated on a 5-point Likert scale ranging from “never” (0)
to “almost always” (4). Positively worded items are reverse scored, and the ratings are summed,
with higher scores indicating more perceived stress. The PSS-10 score is obtained by reversing the
scores on the four positive items: For example, 0 = 4, 1 = 3, 2 = 2, etc. and then summing across
all 10 items. A score of 13 is considered average and stress scores of more than 20 indicate high
stress [28]. For reference, we divided the scoring into three categories with the following cut-off
points: (low stress ď 10), (10 < moderate stress ď 20) and (high stress > 20). Examples of questions
from the PSS-10 questionnaire include: (i) “In the past month, how often have you been angry because
of things that happened that were outside of your control?”, (ii) “In the past month, how often have
you felt that things were going your way?” and (iii) In the past month, how often have you felt unable
to control the important things in your life?” [28].
2.7. Statistics
We performed all statistical analyses using the SAS statistical software for Windows
(SAS Institute, Cary, NC, USA). Using the General Linear Modelling procedure (proc GLM),
we analyzed the following relationships between stress, pain and WAI. (1) Stress to pain with
neck-shoulder pain as the dependent variable; (2) stress to WAI with WAI as the dependent variable;
(3) pain to WAI with WAI as the dependent variable and (4) stress + pain, and stress by pain
interaction to WAI with WAI as the dependent variable. All analyses were controlled for age.
To assess simple associations, we also used the CORR procedure to determine Pearson’s correlation
coefficients. An alpha level of <0.05 was accepted as statistically significant. Results are reported as
least square means (95% confidence limits).
3. Results
Stress and neck-shoulder pain were positively correlated with a Pearsons correlation coefficient
of 0.29 (p < 0.0001). Additionally, stress was independently correlated to WAI with a coefficient of
´0.51 (p < 0.0001) indicating a lower WAI score with increased stress. Similarly, chronic neck-shoulder
pain also correlated to WAI with a coefficient of ´0.36 (p < 0.0001) indicating a lower WAI score
with increased neck-shoulder pain. Figure 1 shows a stress + pain plot with WAI as the dependent
outcome variable.
In the multi-adjusted model, both stress (p < 0.001) and pain (p < 0.001) had independent main
effects on WAI, and there was no significant stress by pain interaction (p = 0.32). WAI decreased
gradually with both increased stress and pain. Workers with low stress and low pain (n = 133) had
the highest work ability (44.6 (95% CI 43.9–45.3)) and workers with high stress and high pain (n = 14)
had the lowest (32.7 (95% CI 30.6–34.9)). WAI is therefore dependent on the magnitude of both stress
and neck-shoulder pain in an additive fashion. In this population, WAI score decreased 26.6% from
low stress + low pain to high stress + high pain.
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lower work ability in female laboratory technicians.  
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supports that psychosocial factors interact with somatic problems and is congruent with studies reporting 
a correlation between back pain and psychological stress [11,12,34,35]. As most research on stress and 
musculoskeletal pain has focused on back pain and multisite pain, this study contributes to the field by 
indicating an association specifically between neck-shoulder pain and perceived stress. Due to the  
cross-sectional nature of the present study it is not possible to infer about causality between stress and 
neck-shoulder pain, but research suggests that stress and pain are positively associated [11]. Workers 
with neck-shoulder pain may be more likely to perceive themselves as more stressed, as pain potentially 
limits normal social interactions and work ability [36]. Possibly, perceived stress intensifies or causes 
neck-shoulder pain through the physical response when subjected to psychological stress. Psychological 
stress activates the sympathetic nervous system, which releases noradrenaline from widely distributed 
synapses and adrenaline from the adrenal medulla. The secretion of these hormones primes the body for 
action causing the muscles tense up, blood vessels to constrict and blood pressure to increase [37–41]. 
4.2. Stress, Pain and Work Ability 
To our knowledge, only a few studies have examined the interaction between musculoskeletal pain 
and perceived stress on work ability [11,14] making the present study the first study to show the 
combined effect of neck-shoulder pain specifically, and perceived stress on work ability. Our study 
Figure 1. Least square means stress + pain plot ith AI as the dependent outcome variable.
As stress and neck-shoulder pain increase, the work ability of female laboratory technicians decreases.
Developing chronic musculoskeletal pain while experiencing high stress returns the lowest work
ability score.
4. Discussion
Our study showed that increased stress and musculoskeletal pain were independently associated
with lower work ability in female laboratory technicians.
4.1. Stress and Pain
Stress and neck-shoulder pain were associated with work ability in an additive fashion.
This result supports that psychosocial factors interact with somatic problems and is congruent with
studies reporting a correlation between back pain and psychological stress [11,12,34,35]. As most
research on stress and musculoskeletal pain has focused on back pain and multisite pain, this
study contributes to the field by indicating an association specifically between neck-shoulder pain
and perceived stress. Due to the cross-sectional nature of the present study it is not possible
to infer about causality between stress and neck-shoulder pain, but research suggests that stress
and pain re positively associated [11]. Workers with neck-shoulder pain may be more likely to
perceive themselves as more stressed, as pain potentially limits normal social interactions and work
ability [36]. Possibly, perceived stress intensifies or causes neck-shoulder pain through the physical
response when subjected to psychological stress. Psychological stress activates the sympathetic
nervous system, which releases noradrenaline from widely distributed synapses and adrenaline from
the adrenal medulla. The secreti n of these hormones primes the body for action causing the muscles
tense up, blood vessels to constrict and blood pressure to increase [37–41].
4.2. Stress, P i and Work Ability
To our knowledge, only a few studies have examined the interaction between musculoskeletal
ain perceived stress on work ability [11,14] making the present study the first study to show the
combined effect of neck-shoulder pain specifically, and perceived stress on work ability. Our study
showed that stress and pain did not interact in relation to work ability, but that the effect was
additive. The result implicate that an intervention strategy aimed at reducing both neck-shoulder
pain and perceived stress may be beneficial to prevent reduced work ability and is congruent
with other studies attenuating multifactorial intervention strategies [42,43]. Several randomized
controlled trials have reported positive reductions in chronic pain in the upper extremity following
both strenuous and non-strenuous resistance training using both weights and elastic bands [44–50],
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thus providing insight into factors positively affecting work ability and factors reducing both chronic
and non-chronic musculoskeletal pain. For instance, in a recent wide-ranging study Kettunen et al.
showed that low- to moderate physical activity coupled with improvements in cardiorespiratory
fitness, are closely associated with long-term (12 months) improved work ability in subjects with
low-, moderate- and good work ability at baseline [7]. The researchers measured cardiorespiratory
fitness and WAI at baseline, 4 months, 8 months and 12 months in 338 participants and found 2%–3%
increases in WAI, at 4 months, again at 8 months and again at 12 months in the exercise training
group, whereas the control group experienced a 2% decrease in WAI score [7]. Although the study
by Kettunen and colleagues did not include participants with chronic pain, it shows that physical
fitness interventions can have a positive effect on work ability. However, as work ability appears
to be comprised of a complex set of interactions between psychological, environmental, social and
biological factors, single-component interventions are limited as they do not target all aspects of
the biopsychosocial model in relation to work ability. Arguably, interventions aimed at promoting
work ability do not only have to be multifaceted but must also be implemented on an organizational
level [51,52]. Psychological or physiotherapeutic treatment outside of work or in work hours with
no involvement of the organization may not be ideal for improving work ability. Involvement
of the organization may imply social and emotional support in conjunction with acceptance from
the organizational leader. Furthermore, organizational involvement can include a restructuring
of work factors that contribute to the employee’s pain and stress. As both psychological stress
and neck-shoulder pain are highly prevalent [53,54], future research should investigate the effect
of multifaceted interventions implemented on an organizational level and targeted specifically at
neck-shoulder pain and stress to promote work ability.
4.3. Limitations
This study demonstrates the combined effect of neck-shoulder pain specifically, and perceived
stress on work ability. However, some limitations exist. First, the cross-sectional design does not
permit examination of causal relationships. Thus, prospective studies should assess the combined
effect of stress and pain on deterioration of work ability. On the other hand, high stress and pain
may reflect that the worker has already experienced deterioration of work ability. Nevertheless, the
results are still of interest, as they give an insight into factors associated with work ability, which can
be used in the development of preventive intervention strategies. Second, sample size is relatively
small limiting statistical power and the reliability of results. Third, self-reported data are a limitation
as they may be influenced by subjective factors. Fourth, given the demographic characteristics of
this sample (Danish female laboratory technicians) generalizability remains to be determined. The
presented results may not be generalizable to male employees, as gender may modify the examined
relations. Conversely, using a homogenous sample consisting of female laboratory technicians is also
a noteworthy strength as it limits bias from socioeconomic confounding.
5. Conclusions
This cross-sectional study confirms a necessity to look at both stress and musculoskeletal pain as
combined co-factors when implementing interventional strategies to promote work ability.
Acknowledgments: The authors would like to thank the management of the pharmaceutical company for
supplying contact information to all employees and allowing their laboratory technicians to answer the
questionnaire during working hours.
Author Contributions: Kenneth Jay and Lars L. Andersen designed the questionnaire with help from
Markus Due Jakobsen, Emil Sundstrup and Mikkel Brandt. Kenneth Jay and Lars Louis Andersen collected
the data. Kenneth Jay and Maria Kristine Friborg wrote the manuscript with valuable input and critique
from Gisela Sjogaard, Markus Due Jakobsen, Emil Sundstrup, Mikkel Brandt and Lars Louis Andersen.
Lars Louis Andersen performed the statistical calculations and interpreted the results together with Kenneth Jay.
All authors were involved in critically reviewing and approving the manuscript before submission.
15839
Int. J. Environ. Res. Public Health 2015, 12, 15834–15842
Conflicts of Interest: The authors declare no conflict of interest. The study received financial support by
a commercial organization. The commercial organization does not profit in any way or form from the results
of this study.
References
1. Nygård, C.-H.; Arola, H.; Siukola, A.; Savinainen, M.; Luukkaala, T.; Taskinen, H.; Virtanen, P. Perceived
work ability and certified sickness absence among workers in a food industry. Int. Congr. Ser. 2005, 1280,
296–300. [CrossRef]
2. Kujala, V.; Tammelin, T.; Remes, J.; Vammavaara, E.; Laitinen, J. Work ability index of young employees and
their sickness absence during the following year. Scand. J. Work Environ. Health 2006, 32, 75–84. [CrossRef]
[PubMed]
3. Sell, L.; Bültmann, U.; Rugulies, R.; Villadsen, E.; Faber, A.; Søgaard, K. Predicting long-term sickness
absence and early retirement pension from self-reported work ability. Int. Arch. Occup. Environ. Health
2009, 82, 1133–1138. [CrossRef] [PubMed]
4. Hopsu, L.; Leppänen, A.; Ranta, R.; Louhevaara, V. Perceived work ability and individual characteristics
as predictors for early exit from working life in professional cleaners. Int. Congr. Ser. 2005, 1280, 84–88.
[CrossRef]
5. Sjögren-Rönkä, T.; Ojanen, M.T.; Leskinen, E.K.; Tmustalampi, S.; Mälkiä, E.A. Physical and psychosocial
prerequisites of functioning in relation to work ability and general subjective well-being among office
workers. Scand. J. Work Environ. Health 2002, 28, 184–190. [CrossRef] [PubMed]
6. Ilmarinen, J.; Tuomi, K.; Klockars, M. Changes in the work ability of active employees as measured by the
work ability index over an 11-year period. Scand. J. Work Environ. Health 1997, 23, 49–57. [PubMed]
7. Kettunen, O.; Vuorimaa, T.; Vasankari, T. 12-mo intervention of physical exercise improved work ability,
especially in subjects with low baseline work ability. Int. J. Environ. Res. Public Health 2014, 11, 3859–3869.
[CrossRef] [PubMed]
8. Tuomi, K.; Ilmarinen, J.; Jahkola, A.; Katajarinne, L. Work Ability Index; Finnish Institute of Occupational
Health: Helsinki, Finland, 1997.
9. Holtermann, A.; Jørgensen, M.B.; Gram, B.; Christensen, J.R.; Faber, A.; Overgaard, K.; Ektor-Andersen, J.;
Mortensen, O.S.; Sjøgaard, G.; Søgaard, K. Worksite interventions for preventing physical deterioration
among employees in job-groups with high physical work demands: Background, design and conceptual
model of FINALE. BMC Public Health 2010, 10. [CrossRef] [PubMed]
10. Sundstrup, E.; Jakobsen, M.D.; Andersen, C.H.; Jay, K.; Persson, R.; Aagaard, P.; Andersen, L.L.
Participatory ergonomic intervention versus strength training on chronic pain and work disability
in slaughterhouse workers: Study protocol for a single-blind, randomized controlled trial.
BMC Musculoskelet Disord. 2013, 14. [CrossRef] [PubMed]
11. Oberlinner, C.; Yong, M.; Nasterlack, M.; Pluto, R.-P.; Lang, S. Combined effect of back pain and stress on
work ability. Occup. Med. 2015, 65, 147–153. [CrossRef] [PubMed]
12. Davis, K.G.; Heaney, C.A. The relationship between psychosocial work characteristics and low back pain:
Underlying methodological issues. Clin. Biomech. 2000, 15, 389–406. [CrossRef]
13. Hoogendoorn, W.E.; van Poppel, M.N.; Bongers, P.M.; Koes, B.W.; Bouter, L.M. Systematic review of
psychosocial factors at work and private life as risk factors for back pain. Spine 2000, 25, 2114–2125.
[CrossRef] [PubMed]
14. Lindegård, A.; Larsman, P.; Hadzibajramovic, E.; Ahlborg, G. The influence of perceived stress and
musculoskeletal pain on work performance and work ability in Swedish health care workers. Int. Arch.
Occup. Environ. Health 2014, 87, 373–379. [CrossRef] [PubMed]
15. Ganster, D.C.; Rosen, C.C. Work stress and employee health: A multidisciplinary review. J. Manag. 2013, 39,
1085–1122. [CrossRef]
16. Cohen, S.; Janicki-Deverts, D.; Miller, G.E. Psychological stress and disease. JAMA 2007, 298, 1685–1687.
[CrossRef] [PubMed]
17. Cohen, S.; Kessler, R.C.; Gordon, L.U. Measuring Stress: A Guide for Health and Social Scientists; Oxford
University Press: Oxford, UK, 1997.
15840
Int. J. Environ. Res. Public Health 2015, 12, 15834–15842
18. Jay, K.; Brandt, M.; Hansen, K.; Sundstrup, E.; Jakobsen, M.D.; Schraefel, M.C.; Sjogaard, G.; Andersen, L.L.
Effect of individually tailored biopsychosocial workplace interventions on chronic musculoskeletal pain
and stress among laboratory technicians: Randomized controlled trial. Pain Physician 2015, 18, 459–471.
[CrossRef] [PubMed]
19. Feldt, T.; Hyvönen, K.; Mäkikangas, A.; Kinnunen, U.; Kokko, K. Development trajectories of Finnish
managers’ work ability over a 10-year follow-up period. Scand. J. Work Environ. Health 2009, 35, 37–47.
[CrossRef] [PubMed]
20. Ilmarinen, J. The work ability index (WAI). Occup. Med. 2006, 57, 160–160. [CrossRef]
21. Ilmarinen, J. Work ability—A comprehensive concept for occupational health research and prevention.
Scand. J. Work Environ. Health 2009, 35, 1–5. [CrossRef] [PubMed]
22. De Zwart, B.C.H. Test-retest reliability of the work ability index questionnaire. Occup. Med. 2002, 52,
177–181. [CrossRef]
23. Kuorinka, I.; Jonsson, B.; Kilbom, A.; Vinterberg, H.; Biering-Sørensen, F.; Andersson, G.; Jørgensen, K.
Standardised Nordic questionnaires for the analysis of musculoskeletal symptoms. Appl. Ergon. 1987, 18,
233–237. [CrossRef]
24. Cohen, S.; Kamarck, T.; Mermelstein, R. A global measure of perceived stress. J. Health Soc. Behav. 1983, 24,
385–396. [CrossRef] [PubMed]
25. Kryger, A.I.; Andersen, J.H.; Lassen, C.F.; Brandt, L.P.; Vilstrup, I.; Overgaard, E.; Thomsen, J.F.;
Mikkelsen, S. Does computer use pose an occupational hazard for forearm pain: From the NUDATA study.
Occup. Environ. Med. 2003, 60. [CrossRef]
26. Kaergaard, A.; Andersen, J.H.; Rasmussen, K.; Mikkelsen, S. Identification of neck-shoulder disorders in
a 1 year follow-up study: Validation of a questionnaire-based method. Pain 2000, 86, 305–310. [CrossRef]
27. Von Korff, M.; Ormel, J.; Keefe, F.J.; Dworkin, S.F. Grading the severity of chronic pain. Pain 1992, 50,
133–149. [CrossRef]
28. Andersen, L.L.; Clausen, T.; Burr, H.; Holtermann, A. Threshold of musculoskeletal pain intensity for
increased risk of long-term sickness absence among female healthcare workers in eldercare. PLoS ONE
2012, 7. [CrossRef] [PubMed]
29. Averill, J.R. Personal control over aversive stimuli and its relationship to stress. Psychol. Bull. 1973, 80.
[CrossRef]
30. Baum, A.; Singer, J.E.; Baum, C.S. Stress and the environment. J. Soc. Issues 1981, 37, 4–35. [CrossRef]
31. Crandall, R.; Perrewe, P.L. Occupational Stress: A Handbook; CRC Press: Boca Raton, FL, USA, 1995.
32. Lazarus, R.S. Fifty Years of the Research and Theory of R.S. Lazarus: An Analysis of Historical and Perennial Issues;
Lawerence Erlbaum Associates: Mahwah, NJ, USA, 2013.
33. Seligman, M.E.P. Learned helplessness. Annu. Rev. Med. 1972, 23, 407–412. [CrossRef] [PubMed]
34. Bonzini, M.; Bertu, L.; Veronesi, G.; Conti, M.; Coggon, D.; Ferrario, M.M. Is musculoskeletal pain
a consequence or a cause of occupational stress? A longitudinal study. Int. Arch. Occup. Environ. Health
2014, 88, 607–612. [CrossRef] [PubMed]
35. Hurwitz, E.L.; Morgenstern, H.; Chiao, C. Effects of recreational physical activity and back exercises on low
back pain and psychological distress: Findings from the UCLA Low Back Pain Study. Am. J. Public Heal.
2005, 95, 1817–1824. [CrossRef] [PubMed]
36. Chapman, C.R.; Tuckett, R.P.; Song, C.W. Pain and stress in a systems perspective: Reciprocal neural,
endocrine, and immune interactions. J. Pain 2008, 9, 122–145. [CrossRef] [PubMed]
37. Gunnar, M.; Quevedo, K. The neurobiology of stress and development. Annu. Rev. Psychol. 2007, 58,
145–173. [CrossRef] [PubMed]
38. McEwen, B.S. Brain on stress: How the social environment gets under the skin. Proc. Natl. Acad. Sci. USA.
2012, 109, 17180–17185. [CrossRef] [PubMed]
39. Hellhammer, D.H.; Wüst, S.; Kudielka, B.M. Salivary cortisol as a biomarker in stress research.
Psychoneuroendocrinology 2009, 34, 163–171. [CrossRef] [PubMed]
40. De Kloet, E.R.; Joëls, M.; Holsboer, F. Stress and the brain: From adaptation to disease. Nat. Rev. Neurosci.
2005, 6, 463–475. [CrossRef] [PubMed]
41. Bozovic, D.; Racic, M.; Ivkovic, N. Salivary cortisol levels as a biological marker of stress reaction. Med. Arch.
2013, 67, 374–377. [CrossRef] [PubMed]
15841
Int. J. Environ. Res. Public Health 2015, 12, 15834–15842
42. De Boer, A.G.E.M.; Burdorf, A.; van Duivenbooden, C.; Frings-Dresen, M.H.W. The effect of individual
counselling and education on work ability and disability pension: A prospective intervention study in the
construction industry. Occup. Environ. Med. 2007, 64, 792–797. [CrossRef] [PubMed]
43. Nurminen, E.; Malmivaara, A.; Ilmarinen, J.; Ylöstalo, P.; Mutanen, P.; Ahonen, G.; Aro, T. Effectiveness
of a worksite exercise program with respect to perceived work ability and sick leaves among women with
physical work. Scand. J. Work Environ. Health 2002, 28, 85–93. [CrossRef]
44. Zebis, M.K.; Andersen, L.L.; Pedersen, M.T.; Mortensen, P.; Andersen, C.H.; Pedersen, M.M.; Boysen, M.;
Roessler, K.K.; Hannerz, H.; Mortensen, O.S.; et al. Implementation of neck/shoulder exercises for pain
relief among industrial workers: A randomized controlled trial. BMC Musculoskelet Disord. 2011, 12.
[CrossRef] [PubMed]
45. Carpes, F.P.; Reinehr, F.B.; Mota, C.B. Effects of a program for trunk strength and stability on pain, low back
and pelvis kinematics, and body balance: A pilot study. J. Bodyw. Mov. Ther. 2008, 12, 22–30. [CrossRef]
[PubMed]
46. Freitas-Swerts, F.C.T.; de Robazzi, M.L.; Do, C.C. The effects of compensatory workplace exercises to reduce
work-related stress and musculoskeletal pain. Rev. Lat. Am. Enfermagem 2014, 22, 629–636. [CrossRef]
[PubMed]
47. Andersen, L.L.; Zebis, M.K.; Pedersen, M.T.; Roessler, K.K.; Andersen, C.H.; Pedersen, M.M.;
Feveile, H.; Mortensen, O.S.; Sjøgaard, G. Protocol for work place adjusted intelligent physical exercise
reducing musculoskeletal pain in shoulder and neck (VIMS): A cluster randomized controlled trial.
BMC Musculoskelet Disord. 2010, 173. [CrossRef] [PubMed]
48. Rasmussen, C.D.N.; Holtermann, A.; Mortensen, O.S.; Søgaard, K.; Jørgensen, M.B. Prevention of low
back pain and its consequences among nurses’ aides in elderly care: A stepped-wedge multi-faceted
cluster-randomized controlled trial. BMC Public Health 2013, 13. [CrossRef] [PubMed]
49. Andersen, L.L.; Christensen, K.B.; Holtermann, A.; Poulsen, O.M.; Sjøgaard, G.; Pedersen, M.T.;
Hansen, E.A. Effect of physical exercise interventions on musculoskeletal pain in all body regions among
office workers: A one-year randomized controlled trial. Man Ther. 2010, 15, 100–104. [CrossRef] [PubMed]
50. Viljanen, M.; Malmivaara, A.; Uitti, J.; Rinne, M.; Palmroos, P.; Laippala, P. Effectiveness of dynamic muscle
training, relaxation training, or ordinary activity for chronic neck pain: Randomised controlled trial. BMJ
2003, 327. [CrossRef] [PubMed]
51. Noordik, E.; Nieuwenhuijsen, K.; Varekamp, I.; van der Klink, J.J.; van Dijk, F.J. Exploring the
return-to-work process for workers partially returned to work and partially on long-term sick leave due to
common mental disorders: A qualitative study. Disabil. Rehabil. 2011, 33, 1625–1635. [CrossRef] [PubMed]
52. Andersen, M.F.; Nielsen, K.M.; Brinkmann, S. Meta-synthesis of qualitative research on return to work
among employees with common mental disorders. Scand. J. Work Environ. Health 2012, 38, 93–104.
[CrossRef] [PubMed]
53. Andersen, L.L.; Andersen, C.H.; Skotte, J.H.; Suetta, C.; Søgaard, K.; Saltin, B.; Sjøgaard, G. High-intensity
strength training improves function of chronically painful muscles: Case-control and RCT studies.
Biomed. Res. Int. 2014, 2014. [CrossRef] [PubMed]
54. Jay, K.; Brandt, M.; Sundstrup, E.; Schraefel, M.C.; Jakobsen, M.D.; Sjøgaard, G.; Andersen, L.L.
Effect of individually tailored biopsychosocial workplace interventions on chronic musculoskeletal
pain, stress and work ability among laboratory technicians: Randomized controlled trial protocol.
BMC Musculoskelet Disord. 2014, 15. [CrossRef] [PubMed]
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons by
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
15842
